Sediments recovered from the Lomonosov Ridge during Integrated Ocean Drilling Program (IODP) Expedition 302, the Arctic Coring Expedition (ACEX), provide a unique archive of paleoenvironmental change in the central Arctic Ocean. High-resolution petrophysical data, acquired using the multisensor core logger (MSCL), comprise a valuable component of the data obtained from this sedimentary record. However, the nondestructive measurements performed using the MSCL are highly dependent on core quality and sensor calibration. Quality control on bulk density measurements from the MSCL is routinely provided by comparison with direct measurements of bulk density (ρ B ) performed at coarser resolution on discrete samples. Here, results from these discrete analyses are used to correct ρ B measurements from the MSCL. The method and rationale for these corrections are outlined in this study, and the corrected MSCL ρ B records are presented. Using the corrected records, high-resolution dry density (ρ D ) and porosity (φ) logs are generated, providing a means for determining mass accumulation rates and investigating lithologydependent compaction processes in central Arctic Ocean sediments.
Introduction
The Lomonosov Ridge is a sliver of continental crust that rifted from the Barents-Kara Sea margin at ~57 Ma (see the "Expedition 302 summary" chapter). Since the onset of rifting, >400 m of Cenozoic sediments have been deposited as the ridge drifted toward its present position in the center of the Arctic Ocean. The Arctic Coring Expedition (ACEX) targeted four sites located on the central Lomonosov Ridge along seismic Line AWI91090 ( Fig.  F1) (Jokat et al., 1992) . The coherent seismostratigraphy crossing these sites and correlations made between petrophysical properties measured on recovered sediments allowed construction of a single composite section that is described using four lithologic units (see the "Expedition 302 summary" chapter). The lithology of recovered sediments ranges from pyrite-and gypsumenriched biosiliceous clays and oozes in the Paleogene to fossilpoor glaciomarine sediments in the Neogene (Figs. F2, F3 ).
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(mbsf) from Holes M0002A, M0004A, M0003A, and M0004C (Fig. F2) . The remainder of the composite section is composed of material from two nonoverlapping holes: M0002A and M0004A. In the ideal situation, duplicate or triplicate recovery at a single drilling site (from two to three holes) provides substantial overlap. In the construction of a composite section, the overlapping recovery not only ensures that there are no stratigraphic gaps but also allows for careful selection and inclusion of the highest quality cored intervals. The limited overlap between the ACEX sites prevented exclusion of disturbed sections from the composite section. Although major coring disturbances were systematically described and tabulated (see Table T24 in the "Sites M0001-M0004" chapter), more common coring disturbances, such as compression or stretching of material during piston coring (APC) or undercutting during extended core barrel (XCB) operations are not recorded. These less dramatic disturbances can equally affect the quality of multisensor core logger (MSCL) measurements, as calibration algorithms used to calculate bulk density (ρ B ) and compressional wave (P-wave) velocity require an accurate measurement of core diameter. Whole-core MSCL measurements, such as those performed during ACEX, are based on the diameter of the core liner but not the actual core.
Routine measurement of index properties on discrete samples during Ocean Drilling Program (ODP) and Integrated Ocean Drilling Program (IODP) expeditions provides a means for assessing the quality of MSCL data. Index properties, which include bulk density, grain density, dry density, and porosity, are termed moisture and density (MAD) measurements. They are determined by applying basic phase relationships to measurements of mass and volume (Blum, 1997) . Although collected at a much lower resolution (one sample per section versus one sample every 1-2 cm), MAD measurements provide a more accurate and precise measurement of ρ B than the MSCL estimate, which is derived from empirical relationships between gamma ray attenuation and the bulk density of aluminum/water mixtures (Blum, 1997; Boyce, 1976) . Comparison between MAD-and MSCL-derived ρ B at equivalent core positions (depths) can provide a means for both assessing and improving the quality of the MSCL data.
Here MAD data are used to correct ρ B records from the MSCL. Using basic phase relationships, the corrected ρ B logs, and the average grain density (ρ G ) from the corresponding lithologic unit/subunit, high-resolution ρ D and porosity (φ) records are generated. High-resolution ρ D and φ are useful data sets for calculating mass accumulation rates and investigating compaction processes at the ACEX drill sites on the Lomonosov Ridge.
Methods

Bulk density corrections
Bulk density is defined as the mass of a sample divided by the volume of the sample: During ACEX, mass and volume were measured on subsamples from the recovered core and used for direct determinations of ρ B . At sea, these MAD measurements were made on samples from core catchers (one per core) and performed on subsamples from split cores during the onshore phase of ACEX (~1 per section) (see the "Sites M0001-M0004" chapter). In the correction procedure outlined here, only shorebased measurements on split-cores are used. In addition to direct determinations of bulk density, MAD samples provide measurements of grain density (ρ G ), dry density (ρ D ), and porosity (φ) (see the "Sites M0001-M0004" chapter). These index properties are defined as
ρ D = (m solids /v total ), and (3)
The MSCL also provides an estimate of sediment ρ B and during ACEX was run at a sampling resolution of 2 cm on all visibly intact cores (see the "Sites M0001-M0004" chapter). The advantage of the MSCL is that it provides quick, nondestructive, highresolution measurements. However, MSCL ρ B is not a direct measurement and is derived from empirical relationships. The MSCL uses a 137 Cs source to pass gamma rays through the core. Bulk density is estimated by measuring the attenuation of gamma rays (primarily through Compton scattering). The degree of attenuation is proportional to density and is dependent on the Compton mass absorption coefficient of the sample. Calibration of the system uses known seawater/aluminum standards and assumes that the attenuation coefficient of the sediments is proportional to that of aluminum. This assumption is largely valid for most siliclastic sediments (Blum, 1997; Boyce, 1976) . Hence, the quality of MSCL data is a function of core quality, the accuracy of the calibration, and the similarity of the Compton mass absorption coefficient of the sample to that of aluminum. Variations in any of these parameters can introduce errors into MSCL-derived ρ B . To account for this variability, MAD ρ B is used to derive a correc-
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tion factor for MSCL ρ B . Correction factors are determined separately for each core, accounting for intercore variability in the quality of MSCL data.
MAD data from onshore analyses, where a Quantachrome pentapycnometer (helium-displacement pycnometer) was used to determine the volume of the subsamples, are compared to MSCL bulk density data from equivalent depths in each core.
Only samples that have a corresponding MSCL measurement from within 2 cm are used for determining the correction factors (cf) defined as:
Where more than a single MAD measurement exists for any core, the average correction factor for that core is calculated. If only a single MAD measurement was available, then the average correction factor for the lithologic unit/subunit is applied. This approach recognizes lithology-dependent variability in both core quality and Compton mass attenuation coefficients. MAD measurements and equivalent MSCL ρ B data are given in Table T1 . Correction factors for each core are listed in Table T2 , and the average correction factor and grain density for lithologic units/ subunits are shown in Table T3 .
Dry density and porosity
Similar to MAD data, where mass and volume measurements are used to calculate φ and ρ D , basic phase relationships can be used to derive these variables from the corrected high-resolution MSCL ρ B records. The phase relationships require that ρ G is known. For siliclastic sediments a ρ G of 2.70-2.75 g/cm 3 is often assumed. Instead of assuming the ρ G , the average value is taken from MAD measurements in the corresponding lithologic unit/subunit (Table T3) . More variable grain densities in lithologic Units 1.6 and 3 are attributed to the widespread occurrence of authigenic minerals such as pyrite (see the "Sites M0001-M0004" chapter; Stein et al., 2006) . For lithologic Unit 3, a relatively high standard deviation is observed for the average grain density (ρ G = 2.54 ± 0.14 g/cm 3 ), which can be reduced by subdividing the unit into petrophysical Subunits 3a and 3b. The subdivision is placed between Cores 302-M0004A-23X and 27X and results in a mean ρ G for petrophysical Subunit 3a of 2.43 ± 0.06 g/cm 3 and for Subunit 3b of 2.67 ± 0.08 g/cm 3 ( Table T3 ; Fig. F5 ). This break occurs during a prolonged interval of no recovery (Fig. F2) , preventing an exact depth to be associated with the division or determination of whether the break is abrupt or gradual.
Porosity and dry density are determined from the corrected ρ B using the phase relationships:
where ρ G is the average grain density from the corresponding lithologic unit/subunit (g/cm 3 ), ρ B is the corrected MSCL bulk density (g/cm 3 ), ρ D is the dry density (g/cm 3 ), φ is the porosity (unitless), and ρ F is an assumed pore fluid density of 1.024 g/cm 3 .
Results and discussion
The quality of the dry density and porosity logs generated from the high-resolution MSCL data is dependent on the quality of the MSCL bulk density data. Despite the high linear correlation coefficient between the MAD and uncorrected MSCL ρ B , MSCLderived values are generally higher than depthequivalent MAD measurements. The overprediction is greater at higher sediment ρ B (Fig. F4) . The correction procedure developed here reduces both the overall offset and the scatter that arises from variability in the core quality (Fig. F4) .
The complete downhole corrected MSCL ρ B data set shows close agreement with the MAD data (Fig. F5) . Similar agreement is seen in the derived ρ D and φ data. The only core that showed significant deviation between the corrected MSCL and the MAD ρ B was 302-M0002A-23X. Here a single MAD measurement from Section 302-M0002A-23X-2 was used to develop the correction factor and provided a much better fit than the average correction factor from lithologic Subunit 1.3. Increased divergence between the MAD and MSCL predictions of ρ D and φ data is introduced by using the average grain density for lithologic units/subunits in Equations 6 and 7. This assumption overlooks any natural variability in sediment composition. Between Subunits 1.1 and 1.5, this natural variability would include proportional changes in the sand, silt, and clay contents of the sediments, as well as the presence of authigenic ironmanganese minerals (see the "Sites M0001-M0004" chapter) that characteristically have a higher ρ G than generic silty clays.
Beneath Subunit 1.5, increased variability in the occurrence and quantity of total organic carbon and authigenic minerals such as pyrite (Stein et al., 2006) make the use of the average ρ G more problematic. For instance, although quartz has a ρ G of 2.65 g/cm 3 , pyrite has a grain density of 5.02 g/cm 3 , introducing large variability in the ρ B logs from the MSCL. This variability is not adequately sampled in the discrete MAD data nor is it accounted for by employing average ρ G . Below Core 302-M0004A-28X (Fig. F2) , there are no MAD measurements to correct the MSCL data. The average correction factors for lithologic Unit 3 and ρ G from petrophysical Subunit 3b were used to correct the ρ B and generate the ρ D and φ logs for these cores.
The ρ B , ρ D , and φ data from this study are available in Table T4 . The MSCL data include measurements that were made on sediments described as disturbed in Table T24 in the "Sites M0001-M0004" chapter. How the results from this study are applied to future research depends on the nature and resolution of the work. To a first order, the use of average grain densities for lithologic units and subunits in Equations 6 and 7 introduces an error into the dry density and porosity data. This error may exaggerate absolute differences between units and subunits but does not diminish the significance of the variability within them. Through sections where sediments are believed to be relatively homogeneous, a depthdependent relationship for dry density can be derived and used in mass accumulation rate calculations (e.g., see Moran, 1997) . Filtering of the data to remove sections with known core disturbances is certainly recommended (e.g., see caption for Fig. F5 ).
Once cleaned, artificial variability in the data can be reduced by applying a generous smoothing function, the size of which should depend on the resolution of the study.
Conclusions
The corrected ρ B and derived ρ D and φ logs from the MSCL data presented here provide improved and higher resolution petrophysical data sets for ongoing studies of the ACEX sediments. The ρ D records are a necessary requirement for calculating mass accumulation rates, whereas the φ data can be used to investigate compaction-related processes at the ACEX site and, through integration with seismic data, regional lithology-dependent trends. However, variability remains in these records that is not entirely associated with in situ lithologic change.
On future expeditions, improved MSCL data quality can be obtained with overlapping recovery from which high-quality cores can be selectively used in the construction of the composite section, higher resolution MAD sampling for comparison and correction of the MSCL data, and finally, when possible, the use of split-core MSCL systems that remove uncertainties associated with variations in core thicknesses.
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Proc. IODP | Volume 302 6 Figure F2 . Core recovery diagram for all Expedition 302 holes. Black = recovered core, white = no core recovery, shaded = washed intervals (from the "Sites M0001-M0004" chapter). 1H  1X  2X  3X  4X  5X  6X  7X  8X  9X  10X  11X  12X  13X  14X  15X  16X  17X  18X  19X  20X  21X  22X  23X  24X  25X  26X  27X  28X  29X   31X  32X  33X  34X  35X  36X  37X  38X   40X  41X  42X  43X  44X  46X  47X  48X  49X  50X   52X  53X  54X  55X  56X  57X  58X   60X  61X   1H  2H  3H  1H  2X  3X   4X  5X  6X  7X  8X  9X  10X  11X  12X  13X   19X  20X   23X   24X  25X   27X  28X  29X  30X  31X  32X  33X  34X  35X  36X  37X  38X  39X   1X   2W  3X   1H  2H  3H  4H  5X   7X  8X  9X Depth ( Figure F3 . Lithostratigraphic column with age estimates and unit/subunit descriptions of sediments recovered during Expedition 302. XRD = X-ray diffraction (adapted from the "Sites M0001-M0004" chapter). Gray, very dark gray, and olive-gray, firm to very firm clay and silty clay. Submillimeter-scale laminations are present in much of the unit. Millimeterto centimeter-scale pyrite concretions and slight bioturbation are common. Smear slide analysis indicates that siliceous microfossils are present in rare amounts. XRD analysis suggests that biogenic opal may be present down to Section 302-M0004A-26X-CC. Total organic carbon content is 1-2.5 wt%. Drilling disturbance (biscuiting) is moderate.
Loose coarse sand was recovered in Section 302-M0004A-39X-CC and was bagged at sea. Because the stratigraphic position of this sand cannot be constrained, Unit 4 begins at the top of Core 302-M0004A-41X, at which a 4 cm sandstone fragment was recovered. Dark olive-gray clayey mud and very dark gray silty clay to clayey mud is from Sections 302-M0004A-41X through 42X-CC, 10 cm. Below is very dark gray homogeneous silty sand. Submillimeter to centimeter-size pyrite concretions are present. The total organic carbon content is 1 wt%. The entire unit is highly disturbed by drilling. Light olive-brown silty clay with olive-brown thin to medium banding is present in the upper part, and dark brown and yellowish brown silty clay with centimeter-scale, very dark gray mottling is present in the lower part. Isolated pebbles and millimeter-to centimeter-scale sand lenses occur throughout. Slightly to moderately bioturbated throughout. Minor amounts of biogenic carbonate are present. Total organic carbon content is <0.5 wt%. Drilling disturbance is common, with slurry and flow-in in Sections 302-M0002A-3X-1 through 3X-4 and 4X1-1 through 4X-4.
Silty clay and silty mud with alternating olive, gray, olive-gray, olive-brown, dark gray, and light olive-brown color bands at scales ranging from centimeters to decimeters to meters, sometimes with mottled contacts between them. Millimeter-to centimeter-scale sand lenses and isolated pebbles occur throughout. Millimeter-scale dark gray to black microconcretions are occasionally present from 302-M0002A-29X-2, 141 cm, through the base of the subunit. Bioturbation is slight to moderate with well-defined Chondrites burrows. Total organic carbon content is <0.5 wt%. Drilling disturbance in recovered cores is generally minor, although moderate disturbance (biscuiting), slurry, and flow-in occur.
Silty clay alternates between dark brown, very dark grayish brown, very pale brown, and pale yellow intervals at scales of decimeters to meters. Millimeter-to centimeter-scale sand lenses and isolated pebbles are present throughout. Millimeter-scale dark gray to black microconcretions are common in Core 302-M0002A-39X and below. Bioturbation is slight throughout. Total organic carbon content is <0.2 wt%.
Light gray to gray and olive-gray silty clay with occasional pyrite microconcretions overlies an interval (302-M0002A-45X-1, 24 cm, to base of subunit 1/5)of variably tilted and crosscutting "zebra-stripe" couplets, 0.5 to 3 cm thick, of very dark gray and black firm silty clay. Bioturbation is slight at the top of the subunit and absent in the zebra-stripe interval. Millimeter-to centimeter-scale sand lenses and isolated pebbles occur throughout. Total organic carbon content is 0.75-1.0 wt%.
Very dark gray, firm to very firm, homogeneous silty clay to clayey silt. XRD data indicate the presence of pyrite and increased feldspar to quartz and kaolinite to chlorite ratios. Isolated pebbles are present throughout this subunit. Total organic carbon content is 2-3 wt%. Smear slide analysis indicates that siliceous microfo ssils (diatoms, ebridians, and silicoflagellates) are present in minor amounts toward the base of this subunit. Moderate drilling disturbance (biscuiting) is common. The deepest core in this subunit is slurry.
Very dark gray mud-bearing biosiliceous ooze with submillimeter-scale light and dark laminations, occasionally exhibiting cross bedding. No bioturbation is obvious. Isolated pebbles are observed as deep as Section 302-M0002A-55X-4, 122 cm (239.34 mbsf). Smear slide analysis indicates that dominant components include biosiliceous matrix and microfossils (abundant diatoms, common to rare ebridians, and silicoflagellates). Siliciclastic components are minor. Unlike Units 1, 3, and 4, XRD data indicate that Unit 2 is characterized by the dominance of K-feldspar over plagioclase. Millimeterscale pyritized lenses occur occasionally. Total organic carbon content is 2-3 wt%. Drilling disturbance is highly variable, ranging from undisturbed to slightly rotated drilling biscuits to drilling slurry.
Proc. IODP | Volume 302 8 Figure F4 . Proc. IODP | Volume 302 9 Figure F5 . Downhole corrected and derived MSCL data and MAD measurements of ρ B , ρ D , and φ. Data have been cleaned by removing all ρ B measurements <1.2 g/cm 3 , the top 5 cm from all sections, the last measurement from all sections, and all data corresponding to disturbed intervals as tabulated in T24 from the "Sites M0001-M0004" chapter. Average grain density for lithologic unit/subunits are used to calculate ρ D and φ from corrected MSCL ρ B and are shown on ρ D downhole plots. Data have not been migrated onto composite depth scale. Colors indicate hole from which MAD data is taken (red = Hole M0004C, blue = Hole M0002A, green = Hole M0004A). 
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Data report: density and porosity records
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Notes: Crossed out text corresponds to moisture and density (MAD) measurements not used in determination of correction factors because either no depth-equivalent multisensor core logger (MSCL) data were available or the MAD measurement was deemed to be nonrepresentative. NA = not applicable. 
